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Abstract

During pregnancy, iron deficiency anemia is recogni-
zed as a specific risk factor for both adverse mater-
nal and perinatal outcome. We decided to test the
hypothesis that the daily administration of Lafergin®,
a dietary multicomponent based on Ferrazone® (Fer-
ric Sodium EDTA), Lactoferrin, Vitamin C and Vita-
min B12, from first trimester of pregnancy until the
end of gestation, may significantly reduce, in anemic
women, the severity of anemia compared to controls
who received ferrous sulfate or liposomal iron.
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Introduction

Iron deficiency is universally considered as the most
common cause of nutritional deficiency. Children and
women of childbearing age are particularly at risk of iron
deficiency. During pregnancy, iron deficiency anemia is
recognized as a specific risk factor for both adverse ma-
ternal and perinatal outcome. In fact, it has been related
to an increased risk of low birth weight, premature birth,
or altered cognitive development of the child (1).
In 1993, the Institute Of Medicine (IOM) (2) proposed a
complex program of iron supplementation during preg-

nancy, which was based on screening pregnant women in
the first and second trimesters of gestation by using he-
moglobin and ferritin concentrations. In particular, the
IOM recommended that iron supplementation needed to
be performed in pregnant women with hemoglobin con-
centrations < 11 g/dL or with low ferritin levels (< 20 mg/L).
Moreover, it has been observed that, if pregnancy be-
gins with low iron levels, the percentage of women with
anemia at the end of pregnancy is much greater (3, 4). 
Hemoglobin is an ideal parameter to indirectly identify
iron levels. This is due to its high correlation with either
ferritin serum levels or the presence of genetic alterations
of human hemochromatosis protein (HFE) gene (5-7). 
Alterations and polymorphisms of HFE gene may be
suspected in case of high hemoglobin concentrations,
such elevated to discourage iron supplementation.
These clinical parameters are relatively quick and easy to
perform and are already systematically used in standard
clinical practice, during pregnancy and follow-up (8-11). 
Iron salts, such as sulfate or fumarate, have been exten-
sively used in the past, but due to gastrointestinal ad-
verse effects, many patients frequently decide to stop
taking them (12). 
Recently, a new multicomponent (Lafergin®) based on
(NaFe3+-EDTA) (Ferric Sodium EDTA - Ferrazone® a
registered trade name of AkzoNobel), which allows a
high absorption and high bioavailability, has become
available on the market.
The main advantages of iron absorbtion from Ferric
Sodium EDTA (Ferrazone®) are (13-14): 
- physiologically regulated by the TIBC (Transferrin

Iron Binding Capacity) and it is higher in patients with
low values of serum ferritin 

- from 2.1 to 3.9 higher than ferrous sulfate because
the EDTA doesn’t allow the binding of iron to the phy-
tates.

This new formulation appears to be free of the usual
iron-related side effects, such as metallic taste and gas-
trointestinal problems.
Clinical trials involving pregnant women affected by iron
deficiency anemia have demonstrated the superiority of
Ferric Sodium EDTA (Ferrazone®), compared to ferrous
sulfate, in normalizing blood parameters and in improv-
ing the quality of life (15-17).  

Material and methods

Basing on these premises, we decided to test the hy-
pothesis that the daily administration of a dietary multi-
component (Lafergin®) based on Ferric Sodium EDTA
(Ferrazone®), Lactoferrin, Vitamin C and Vitamin B12,
from first trimester of pregnancy until the end of gesta-
tion, may significantly reduce, in anemic women, the
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severity of anemia compared to controls who, instead,
received ferrous sulfate or liposomal iron.
Lafergin® contains 60 mg of Ferrazone® (Ferric Sodium
EDTA) corresponding to 7,8 mg of Fe3+, 25 mg of Lacto-
ferrin, a glycoprotein able to bind the ion Fe3+ (as the
one present in Ferrazone®) and to transport it through
the blood, with a binding-capacity two times higher than
transferrin. In this way Lactoferrin is able to control iron
homeostasis and contributes to maintain physiological
iron concentrations (17). 
Some Authors have already demonstrated the superior-
ity of Lactoferrin, compared to ferrous sulfate, in increas-
ing hemoglobin levels in anemic pregnant women and
its capacity in increasing ferritin concentrations (18).
Lafergin® also contains 0,002 mg of Vitamin B12, which
takes part to the development of red blood cells, and 70
mg of Vitamin C that promotes the absorption of iron
and protects red blood cells from oxidative stress.
Furthermore, the pharmaceutical formulation of Lafer-
gin® take advantage from a particular and innovative
technology (IOR – Improved Oral Release) which guar-
antees, after a single daily dose supplemented, the
maximum bioavailability of its ingredients directly in the
bowel for a prompt use by the organism without any side
effect. The primary endpoint of the study was to evalu-
ate the effectiveness of Lafergin® in improving the ane-
mic status, through the evaluation of both hemoglobin
and ferritin levels.
Secondary endpoint was to assess birth weights and ges-
tational age at delivery and compare them to controls.
During this observational study we prescribed to a group
of pregnant and anemic women a dietary multicompo-
nent (Lafergin®). We longitudinally and prospectively fol-
lowed our patients from the beginning of pregnancy to
childbirth and we compared our results to 2 control “his-
torical” groups, consisting of women longitudinally fol-
lowed with the same periodicity of the study group (from
the beginning of pregnancy to childbirth and precisely at
0, 15, 30, 60, 90 days and at childbirth).
Women from the multicomponent (Lafergin®) (study
group) as well as those from the “hystorical” groups
(control groups) were also assessed at 120, 150, 180,
210 and 240 and 270 days. 
Therefore this study was set up as an observational lon-
gitudinal study consisting of a prospective arm (study
group) and a retrospective arm (control group).
It is important to underline that the control group is de-
fined as “historical” as it was retrospectively obtained
from the database that enclosed all the data of the par-
ticipating centers, but, actually, it is contemporary to the
study group (recruitment period 2014-2015).
Since the assignment to treatment was not randomized,
the evaluation of the differences from baseline within the
different groups represented a critical point in order to
identify selection biases.
The study group consisted of 82 cases, while the “his-
torical” groups were composed by 534 women treated
with ferrous sulfate and 527 supplemented with liposo-
mal iron. The comparison between a sample of approx-
imately 530 cases and a sample of 82 cases has an
80% power to detect as statistically significant differ-
ence (two tailed, p=0.05) of 33% of the standard devi-
ation.

Considering that the standard deviation of variation from
baseline at two particular time points of interest (base-
line and 3 months) was equal to 0.53 for hemoglobin
and 4.9 for ferritin in control groups, this means that the
slightest clinically detectable difference was 0.17 for he-
moglobin and 1.6 for ferritin. 
Differences below these thresholds were not considered
of clinical relevance.
Considering the above cited premises, this study can be
considered of adequate sample size, even if the study
design was not balanced.
One-way analysis of variance was used to compare the
three groups (ferrous sulfate, liposomal iron and Lafer-
gin®) in terms of age and body mass index, while chi-
square test was used to compare dichotomous variables
such as smoking habits, diabetes, assisted reproductive
technology and multiparity.
The Method of Pairwise Comparisons was used to as-
sess the “Overall” significance within the groups: “fer-
rous sulfate vs liposomal iron”, “ferrous sulfate vs Lafer-
gin®” and “liposomal iron vs Lafergin®”. P-value was cor-
rected with the Bonferroni procedure.
The main analysis aimed to detect the differences be-
tween the groups in terms of temporal trends of hemo-
globin and ferritin. The ANOVA analysis was used to
evaluate the differences within the groups (3 levels:
ferrous sulfate, liposomal iron and Lafergin®) during
follow-up (12 levels, from the beginning of pregnancy
to childbirth) in terms of both within-subject and in-sub-
ject factors. The Greenhouse-Geisser procedure was
used to adjust the degrees of freedom, taking into ac-
count the correlations between measures at various
time points.

Results

Measurements taken at early pregnancy time point were
considered as a reference values. There were not statis-
tically significant differences within the groups in terms
of basic clinical characteristics (Table 1). 
Variations from baseline to childbirth in the group receiv-
ing Lafergin® resulted statistically significant compared
to the groups treated with liposomal iron and ferrous sul-
fate (which, instead, resulted almost identical).
Using the baseline values as reference, clinical
changes induced by Lafergin® resulted significantly dif-
ferent at each time point compared to the other groups.
In general, these significant differences were due to an
increase in hemoglobin levels registered in the Lafer-
gin® group and to a decrease of hemoglobin levels in
the other two groups. In some cases (such as at 60
days) the increase (vs baseline) in the Lafergin® group
corresponded a return to baseline values in the other
two groups (Figure 1).
On the other hand, at 120 days, the hemoglobin level in
the Lafergin® group returned to basal values, however
in the other two groups it was observed a significant de-
crease. Considering this difference, even at this time
point, a statistically significant difference, was ob-
served.
The maximum difference registered between the Lafer-
gin® group and the liposomal iron/ferrous sulfate group
manifested itself in the highest degree at the end of fol-
low-up.
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Even as regards ferritin levels, the trend from baseline to
childbirth in Lafergin® group was significantly different from
the variances observed in the liposomal iron/ferrous sul-
fate group (which, instead, resulted almost identical).
This overall significance is indicated by time-treatment
interaction. Using the baseline value as reference, the
changes induced by Lafergin® were significantly differ-
ent by those induced by liposomal iron/ferrous sulfate at
each time point (Figure 2).
Also for ferritin, as for hemoglobin, the significant differ-
ence between Lafergin® and the liposomal iron/ferrous

sulfate groups manifested itself in the highest degree at
the end of follow-up.
As regards the secondary endpoints, we demonstrated
a greater effectiveness of Lafergin® compared to con-
trols: in fact newborns had an higher mean birth weight
compared to controls and duration of pregnancy result-
ed statistically longer compared to controls (Table 2).
Lastly, our data confirmed a good tolerability of Lafer-
gin® compared to ferrous sulfate; instead, no differ-
ences were found comparing Lafergin® to the liposomal
iron group.

Ferrous sulfate
Liposomal iron
Lafergin®

p = significance vs ferrous sulfate and liposomal iron
* p<0.001

Figure 1 - Absolute values of hemoglobin (g/dL).
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Table 1 - Basic characteristics of the groups.

Characteristic group                                 Lafergin®                     Liposomal iron           Ferrous sulfate             P 
                                                                    (82)                               (527)                           (534)
                                                                  
Age (y)                                                         33.8±5.9                        33.6±6.2                       34.0±5.8                         0.587
Race or ethnicity (%)                                                                                                                                                
        White                                                   99.2%                           98.9                              99.0                                0.432
        Black                                                   0.2                                 0.2                                0.1                                  0.09
        Hispanic                                              0.3                                 0.25                              0.2                                  0.76
        Other                                                   1                                    1.1                                1                                     0.89
Multipara (n, %)                                           34 (41%)                       253 (48%)                    278 (52%)                      0.117
Cigarette smoking (n, %)                            3 (3.7%)                        5 (0.9%)                       3 (0.6%)                         0.095
BMI (kg/m2)                                                 25.6±1.7                        25.6±4.9                       25.5±4.7                         0.896
Gestational age at study entry (wk)            12.6 (12.1-12.8)            12.4 (12.0-12.8)           12.5 (12.1-12.7)             0.76
Hemoglobin (g/L)                                         11.7±4.4                        11.7±3.8                       11.6±4.0                         0.150
Ferritin (mg/L)                                               13.6±3.3                        12.5±4.2                       12.6±4.3                         0.091

Data are median (IQR), number (%), or mean SD
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Discussion

As it is very well known, during pregnancy the need of
iron increases from 1-2 mg/day up to more than 6 mg/day.
The objective of dietary supplementation of iron in preg-
nancy is to restore the number of red blood cells, the he-
moglobin concentration, the total serum iron and ferritin
to physiologic levels. Iron supplementation may be per-
formed by administration of both ferrous and ferric ions.
While ferrous ion is directly brought within the entero-

cyte by a protein (DMT1, Divalent Metals Transporter 1),
ferric ion needs to be transformed into ferrous ion first,
in order to be transported by the DMT1 within the ente-
rocyte. Therefore, ferrous ion is generally administered
in forms of ferrous fumarate, sulfate or gluconate.
In Italy, in case of iron deficiency anemia in pregnancy,
30 mg/day of liposomal iron is used as dietary supple-
mentation while the oral daily treatment is mainly based
on 80-100 mg of ferrous sulfate corresponding to about
30 mg of elemental iron, considering the bioavalability
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Figure 2 - Absolute values of ferritin (mg/L).

Table 2 - Gestational age and birth weight according to the treatment received. ANOVA, followed by pairwise comparisons
corrected with the Bonferroni procedure, indicates a longer duration of pregnancy and a higher birth weight in the Lafergin®
treated group. The effect on weight remains significant even after correcting for gestional age.

                                  Ferrous         Liposomal         Lafergin®  ANOVA                                Post-hoc 
                                   sulfate                 iron                  (n=82)                                                         comparisons
                                   (n=534)             (n=527)                                                                                    (Bonferroni)    

                                                                                                                                               Lafergin®                   Lafergin®
                                                                                                                                                     vs                          vs
                                                                                                                                                 ferrous               liposomal 
                                                                                                                                                 sulfate                      iron
                                                                                                                  F
                                Mean (SD)        Mean (SD)         Mean (SD)       (2.1140)      p                    p                             p

Gestational age
(weeks)                     37.5 (1.6)          37.7 (1.6)           39.0 (1.6)         32.129  <0.001           <0.001                   <0.001

Birth weight (g)   3231.4 (462.4)  3218.6 (491.5)   3401.2 (120.8)      5.661     0.004             0.006                      0.003
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data. Moreover it is very well known that doses of ferrous
sulfate greater than 60-100 mg/day may increase the in-
cidence of side effects such as gastric (cramps, nausea,
vomiting) and/or intestinal disorders (pain, constipation
and diarrhea). While the firsts appear to be associated to
the irritation of mucous membranes and altered gastric
motility (19), depending on the availability of free iron in
the gastric lumen, the others could correlate to intestinal
flora changes induced by the presence of the iron.
The problem of poor tolerance to oral iron therapy is, as
previously said, very common. Side effects, in case of
therapy with ferrous sulfate, occur in about 32% of pa-
tients and from the literature it appears quite clearly
that this type of therapy still has some important is-
sues (20).
To obtain clinically acceptable results in the treatment
of iron deficiency anemia, in terms of increase of red
blood cells and hemoglobin concentrations, it is usual-
ly necessary to administer high daily doses, which
usually results in an accumulation of iron at enteric
level and consequently lead to an increase of gas-
trointestinal side effects, such as constipation, diar-
rhea, nausea and vomiting (21).
Ferrazone® (part of the Lafergin® composition) as fer-
ric sodium has the advantage over ferrous salts, to be
directly absorbed by the enterocyte thanks to its bond
to EDTA. It acts like haem-iron and its absorption is
about 25% compared to the 2% of the non-haem iron
(ferrous ions). Furthermore, the particular and innova-
tive technology used in the pharmaceutical formula-
tion of Lafergin®, guarantees the maximum bioavail-
ability of ingredients.
In this study we demonstrated the effectiveness, both
in terms of maternal and neonatal outcomes, of a di-
etary supplementation with Lafergin® in the treatment
of pregnant women affected by sideropenic anemia
(Tables 2, 3).
In particular, this supplementation is particularly effec-
tive in obtaining good control of maternal levels of he-
moglobin and ferritin during the entire duration of
pregnancy. Furthermore, supplementation with Lafer-
gin® has pro ved to be more effective than ferrous sul-
fate and liposomal iron in terms of average duration of
pregnancy and infant weight at birth. Finally, we
demonstrated a better tolerability of Lafergin® com-
pared to iron salts in terms of lower incidence of gas-
trointestinal side effects (abdominal cramps, constipa-
tion, diarrhea).
According to ANOVA for Repeated Measures, both he-
moglobin and ferritin trends during pregnancy were
statistically different among treatments. Precisely,
considering the time points 0, 15, 30, 60, 90 days and
at term of pregnancy, such diversity of trends was
confirmed by the significant interaction “Time X Treat-
ment” (hemoglobin: F(6.9, 3926.4)=86.9; p<0.001; fer-
ritin F(7.9, 4554.1)=34.7; p<0.001). This interaction
was only due to the Lafergin® supplementation, since
the trends observed in liposomal iron and ferrous sol-
fate supplementations were closely parallel (p>0.80
for both variables).  
Looking at Figure 3 (where the mean differences be-
tween each time point and basal were plotted, with
corresponding 95% confidence intervals), significant
hemoglobin reductions were observed, in both liposo-
mal iron and ferrous solfate supplementations at 15

Figure 3 - Changes vs baseline of hemoglobin depending on
administered treatments. Means and 95% confidence intervals
are represented. Only in Lafergin® group a consistent and sig-
nificant increase of hemoglobin was found; in the other groups
at each follow-up time (but at 60 days), significant hemoglobin
decreases were observed, particulary at term of pregnancy.
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Figure 4 - Changes vs baseline of ferritin depending on ad-
ministered treatments. Means and 95% confidence intervals
are represented. In Lafergin® group, after an up-and-down
trend, a consistent and significant increase was found at term
of pregnancy; in the other groups a quite stable and significant
decrease was observed during the follow-up until term of
pregnancy.
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days, 30 days, 90 days and especially at term of preg-
nancy, when the mean reduction was -1.39 g/dL (95%
CI: -1.32;-1.46) for liposomal iron group and -1.42
(95% CI: -1.35;-1.49) for ferrous solfate group. On the
other hand a quite stable increase was found in the
group supplemented with Lafergin®, ranging from
+0.26 (95% CU: +0.16; +0.37) at 15 days to +0.58 (95%
CI: +0.47; +0.69) at term of pregnancy.
In Figure 4, the ferritin changes over basal level (and 95%
CI) were plotted. Similarly to hemoglobin, significant re-
ductions were observed at each time point in the group
supplemented with ferrous sulfate and liposomal iron,
ranging from -1.54 (95% CI: -1.11; -1.97) for liposomal
iron group and -1.45 (95% CI: -1.03; -1.88) for ferrous sol-
fate group at 60 days and -4.60 (95% CI: -4.18; -5.02) for
liposomial iron group and -4.43 (95% CI: -4.01; -5.02) for
ferrous solfate group at term of pregnancy. In the Lafer-
gin® group, after an increase of ferritin at 15 days (+1.10;
95% CI: +0.30;+1.90) a decrease was found at 30 and 60
days, followed by a return to basal value at 90 days and
finally to a significant increase at term of pregnancy
(+2.98; 95% CI: +2.22; +3.73).
The best tolerability of Lafergin® probably led to better
compliance and adherence of patients to the study. No
difference, in terms of tolerability, was observed when
we compared Lafergin® to liposomal iron.
In conclusion, dietary supplementation with Lafergin® may
be considered a valid and well tolerated option in pregnant
women, since the first trimester, for the control of iron defi-
ciency anemia and for a good neonatal outcome.
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